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(54) Exposure apparatus and manufacturing method thereof, 
illumination optical apparatus and manufacturing method 
thereof, exposing method, manufacturing method of illumination 
optical system, and manufacturing method of semiconductor 
device 

ABSTRACT 



The object of the present invention is to provide an exposure 
apparatus which can prevent optical members in its illumination 
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optical system from deteriorating even when irradiating a mask 
with exposure light for a long period, so that a stable 
exposure operation can be realized over a long period. 

The exposure apparatus in accordance with the present invention 
comprises a light source for supplying light with a 
predetermined wavelength and an illumination optical system for 
guiding the light from the light source onto a mask formed with 
a predetermined pattern. The illumination optical system 
includes a plurality of light-transmitting optical members 
which transmit therethrough the light from the light source, 
while at least one of the plurality of light-transmitting 
optical members is comprised of fluorite. 

REPRESENTATIVE DRAWING 
FIG. 1A 

SPECIFICATION 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a conf igurational view showing the exposure 
apparatus in accordance with an embodiment of the present 
invention; 
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FIG. IB is a conf igurational view showing the_ exposure 
apparatus in accordance with the embodiment of the present 
invention observed from a lateral direction; 

FIG. 2A is a schematic view showing a first multiple light 
source image forming means shown in FIGS. 1A and IB; 

FIG. 2B is a schematic view showing a second multiple light 
source image forming means shown in FIGS. 1A and IB; 

FIG. 3 is a conf igurational view showing a conventional 
exposure apparatus. 

<Description of reference numerals of principal elements in 
the drawings> 

10: excimer laser 

20: beam forming optical system 

21: first relay optical system 

30, 50: optical integrator 

40: second relay optical system 

60: condenser optical system 

AS: aperture stop 

PL: projection optical system 

DETAILED DESCRIPTION 

Object of the Invention 

Field of the Invention and Related Background Art 
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The present invention relates to an exposure apparatus which 
transfers a predetermined mask pattern onto a photosensitive 
substrate and, in particular, to an exposure apparatus using an 
ultraviolet light source suitable for manufacturing 
semiconductors . 

Conventionally, an exposure apparatus such as that 
schematically shown in FIG- 3 has been known for making 
semiconductors. As shown in FIG. 3A, a luminous flux from a 
light source 1 such as a mercury arc lamp is converged by an 
ellipsoidal mirror 2 and then converted into a parallel 
luminous flux by a collimator lens 3. The parallel luminous 
flux then passes through a flyeye lens 4 composed of an 
assembly of lens elements 4a each having a quadrangular cross 
section as shown in FIG. 3B or 3C, thereby forming a plurality 
of light source images on its exit side. An aperture stop 5 
having a circular opening is disposed at this light source 
image position. The luminous fluxes from the plurality of light 
source images are converged by a condenser lens 6 so as to 
uniformly illuminate a mask M, which is an object to be 
illuminated, in a superposing manner. 

In the illumination optical apparatus thus configured, by means 
of a projection optical system 7 composed of lenses 71 and 72, 
a circuit pattern on the mask M is transferred onto a wafer W 
which is coated with a resist. This wafer W • is mounted on a 
wafer stage WS which is two-dimensionally movable. The exposure 
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apparatus of FIG. 3A performs a so-called step-and-repeat type 
exposure operation in which, when an exposure operation for one 
shot area is completed, the wafer stage WS is successively 
moved in a two-dimensional manner so as to be repositioned for 
an exposure operation for the next shot area. 

Also, in recent years, there has been proposed a scanning 
exposure technique in which the mask M is irradiated with a 
rectangular or arc-like luminous flux, while the mask M and the 
wafer W which are disposed so as to be conjugate with each 
other with respect to a projection optical system are scanned 
in a predetermined direction, in order to transfer the circuit 
pattern of the mask M onto the wafer W under a high throughput. 

In recent years, the output wavelength of the exposure light 
source has been shortened in order to transfer a finer mask 
pattern onto the wafer surface. For example, in a so-called 
projection type exposure apparatus which transfers, by way of a 
projection optical system, a mask pattern onto a wafer coated 
with a resist, the resolution of the projection optical system 
can be improved as the output wavelength of the exposure light 
source becomes shorter. 

When a light source which outputs exposure light of a shorter 
wavelength such as a pulse light source emitting ultraviolet 
rays is used, since the wavelength of the emitted light is in 
the ultraviolet region, quartz glass is used in general as an 
optical glass material (referred to as "glass material" 
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hereinafter) for transmitting the ultraviolet rays therethrough 
because it can be processed as easily as materials which can 
transmit visible rays therethrough. 

However, light sources emitting ultraviolet rays such as pulse 
oscillation light sources for ultraviolet rays have a high 
output. In particular , in an illumination optical system for an 
exposure apparatus which guides a luminous flux from such a 
light source to a mask, there is a position where the diameter 
of the luminous flux becomes small thereby increasing the 
energy density at this position such that considerable damage 
may be imparted to the quartz glass of the illumination optical 
system. As the wavelength of the light source becomes shorter, 
the energy further increases so as to cause a greater damage to 
the quartz glass. Accordingly, the durability of the quartz 
glass may be problematic. 

Also, there has been a demand for increasing the number of 
substrates such as wafer which are processed per hour in the 
exposure apparatus for improving the throughput thereof. The 
power of the light source may be raised in order to effectively 
increase the illuminance on a substrate such as a wafer, 
however a higher energy density is therefore imparted to the 
quartz glass placed at a position where the diameter of the 
luminous flux is minimized. Accordingly, the durability of the 
quartz glass may become further problematic. 

In view of the foregoing, the object of the present invention 
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is to provide an exposure apparatus which can prevent optical 
members in its illumination optical system from deteriorating 
even when irradiating a mask with exposure light for a long 
period, so that a stable exposure operation can be realized 
over a long period. 

The exposure apparatus in accordance with the present invention 
comprises a light source for supplying light with a 
predetermined wavelength and an illumination optical system for 
guiding the light from the light source onto a mask formed with 
a predetermined pattern. The illumination optical system 
includes a plurality of light-transmitting optical members 
which transmit therethrough the light from the light source, 
while at least one of the plurality of light-transmitting 
optical members is comprised of fluorite. 

From the above configuration, the illumination optical system 
may comprise a multiple light source forming means for forming 
a plurality of light sources based on the light of the light 
source, and a condenser optical system for converging the 
lights from the plurality of light sources formed by the 
multiple light source forming means and illuminating the mask 
in a superposing manner. Further, from the above configuration, 
the illumination optical system may comprise multiple light 
sources generating means for generating multiple light sources 
based on the light of the light source, a condenser optical 
system for focusing the lights from the multiple light sources 
generated by the multiple light sources generating means and 
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illuminating an object to be illuminated in a superposing 
manner, and a light-guiding optical system for guiding the 
light from the light source to the multiple light source 
forming means . 

Further, the light source means is preferably a light source 
generating pulsed light, and, in such case, (Condition 1) A B < 
E s / [25 mJ/cm 2 ] is preferably satisfied, wherein E s (mJ) is the 
optical energy per. pulse of pulse-like light from the light 
source means incident on light-transmitting optical member 
comprised of fluorite, and A B (cm 2 ) is the cross-sectional area 
of the luminous flux transmitted through the light-transmitting 
optical member comprised of fluorite. 

In particular, the light source is preferably an excimer laser. 

In the present invention, because a physical property of 
fluorite is that it has a high durability with respect to a 
high energy density, it has been found that, according to the 
configuration mentioned above, optical members in the 
illumination optical system can be prevented from deteriorating 
even when the mask is irradiated with exposure light for a long 
period, whereby a stable exposure operation can be realized 
over a long period. 

In particular, in conjunction with a technique for determining 
fluorite as a member to be used in the illumination optical 
system of the exposure apparatus, the energy density of a 
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luminous flux irradiating an optical member may be calculated 
beforehand at the step in which the illumination optical system 
is designed according to this technique, since the energy 
density of the luminous flux irradiating the optical member can 
be determined by the ratio of its area to that of the original 
luminous flux from the light source. In this case, the fluorite 
is desirably subjected to an irradiation test beforehand so as 
to determine its durability. More desirably, based on the 
result of the prior calculation and the assumption of the total 
irradiation time, the illumination optical system may be 
designed such that fluorite is used at a position where the 
energy density is high. 

In view of the foregoing, as a result of various kinds of 
simulation and various kinds of tests using light sources 
supplying pulsed light, the inventor has found that, in an 
illumination optical system, an optical member disposed at a 
position at which the cross-sectional area of the luminous flux 
transmitted therethrough satisfies the following relationship 
is preferably comprised of fluorite: (Condition 1) A B < E s / [25 
mJ/cm 2 ] , wherein E s (mJ) is the optical energy per pulse of 
pulse-like light incident on light-transmitting optical member 
comprising the illumination optical system, and A B (cm 2 ) is the 
cross-sectional area of the luminous flux transmitted through 
light-transmitting optical member in the illumination optical 
system. Consequently, it becomes possible to eliminate the 
problem of there being a position where the luminous flux 
diameter becomes smaller thereby increasing the energy density 



9 



at this position so as to cause a damage to the optical member 
comprising the illumination optical system. Thus, an apparatus 
which is excellent in durability can be secured. 

While the above-mentioned condition (1) is desirably satisfied 
in order for the illumination optical system of the exposure 
apparatus to have a durability, the durability of the whole 
illumination system can be further improved when not only the 
optical member at the position satisfying the above-mentioned 
condition (1) but also optical members at other positions are 
comprised of fluorite so that the whole illumination system is 
comprised of fluorite. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIGS. 1A and IB show configurations of the exposure apparatus 
for manufacturing semiconductors in accordance with an 
embodiment of the present invention. FIG. 1A is a view showing 
the configuration of the apparatus in accordance with this 
embodiment observed from vertically thereabove, whereas FIG- IB 
shows a cross-sectional configuration of the apparatus shown in 
FIG. 1A observed from a lateral direction. In the following, 
this embodiment will be explained in detail with reference to 
FIGS. 1A and IB. 

As shown in FIG. 1, from a light source 10 such as an excimer 
laser supplying light with a predetermined wavelength, a 
substantially parallel luminous flux having such a wavelength 



10 



as 222 nm (KrCl) , 248 nm (KrF) , 192 nm (ArF) , or 157 nm (F 2 ) is 
output with a rectangular cross section. This parallel luminous 
flux from the light source 10 is made incident on a beam 
shaping optical system 20 of a light guiding optical system 
that also includes a relay optical system 21. The beam shaping 
optical system 20 functions as a luminous flux shaping section 
for shaping the input luminous flux into a luminous flux having 
a predetermined cross section. This beam shaping optical system 
20 is composed of two cylindrical lenses 20A and 20B each of 
which has a refractive power in a direction perpendicular to 
the paper surface of FIG. 1A (i.e., in the paper surface 
direction of FIG. IB) . The cylindrical lens 2 OA on the light 
source side has a negative refractive power so as to cause the 
luminous flux in the paper surface direction of FIG. IB to 
diverge , whereas the cylindrical lens 2 OB on the illuminated 
surface side has a positive refractive power so as to converge 
the divergent luminous flux from the cylindrical lens 2 OA into 
a parallel luminous flux. Accordingly , by way of the beam 
shaping optical system 20 , the parallel luminous flux from the 
light source 10 is shaped such that its width in the paper 
surface direction of FIG. IB is enlarged so as to render a 
rectangular cross section with a predetermined size. As the 
beam shaping optical system 20, a combination of cylindrical 
lenses each having a positive refractive power, an anamorphic 
prism, or the like may also be used. 

Thus shaped luminous flux from the beam shaping optical system 
20 is made incident on the relay optical system 21 of the light 



guiding optical system, which may also be referred to as the 
first relay optical system of the exposure apparatus. Here, the 
first relay optical system 21 has a front group with a positive 
refractive power composed of two positive lenses 21A and 21B 
and a rear group with a positive refractive power composed of 
two positive lenses 21C and 21D. The front group comprising the 
lenses 21A and 21B of the first relay optical system 21 forms a 
convergence point (light source image) I at the mask side 
(rear-side) focal point of this front group, whereas the rear 
group comprising the lenses 21C and 21D of the first relay 
optical system 21 is disposed such that its light source side 
(front-side) focal point coincides with the rear-side focal 
point of the front group. Also, this first relay optical system 
21 has a function to make the exit surface of the light source 
10 conjugate with the inlet surface of an optical integrator 30 
acting as a first multiple light source forming subsystem of a 
multiple light source forming system, which will be explained 
later. Due to this function of the first relay optical system 
21, the fluctuation of the luminous flux illuminating the 
optical integrator 30 caused by an angular fluctuation of the 
light from the light source 10 is corrected, whereby the 
tolerance with respect to the angular fluctuation in the light 
from the light source 10 is increased. Here, a light-guiding 
optical system for guiding the light from the light source 10 
to the first multiple light source forming subsystem in this 
embodiment is constituted by the beam shaping optical system 20 
and the first relay optical system 21. 
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By way of the first relay optical system 21 , the luminous flux 
is made incident on the optical integrator 30 which acts as a 
first multiple light source forming subsystem of a multiple 
light source forming system for forming a plurality of light 
source images linearly arranged in three rows. As shown in FIG. 
2A, this optical integrator 30 is comprised of a plurality (3 
rows x 9 columns=27 pieces) of biconvex lens elements 30a each 
having a substantially square form, whereby the optical 
integrator 30 as a whole has a rectangular cross section. In 
each of the biconvex lens element 30a, the curvature 
(refractive power) in the paper surface direction of FIG. 1A 
and that in the paper surface direction of FIG. IB are equal to 
each other. 

Accordingly, the parallel luminous flux passing through each 
lens element 30a comprising the optical integrator 30 is 
converged so as to form a light source image on the exit side 
of the corresponding lens element 30a. Consequently, at an 
exit-surface position Ai of the optical integrator. 30, a 
plurality (3 rows x 9 columns=27 pieces) of light source images 
corresponding to the number of the lens elements 30a are 
formed, whereby secondary light sources are substantially 
formed here. 

The luminous fluxes from the plurality of secondary light 
sources formed by the optical integrator 30 are converged by a 
second relay optical system 40 of the multiple light source 
forming system that may also be referred to as a second relay 
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optical system of the exposure apparatus , and then made 
incident on an optical integrator 50 which acts as a second 
multiple light source forming subsystem of a multiple light 
source forming system for forming a plurality of light source 
images . 

As shown in FIG. 2B, this optical integrator 50 is comprised of 
a plurality (9 rows x 3 columns=27 pieces) of biconvex lens 
elements 50a each having a rectangular form whose cross- 
sectional form (aspect ratio) is similar to that of the optical 
integrator 30. The optical integrator 50 as a whole has a 
square cross section. In each of the lens element 50a, the 
curvature (refractive power) in the paper surface direction of 
FIG. 1A and that in the paper surface direction of FIG. IB 
equal to each other. 

Accordingly, the parallel luminous flux from the optical 
integrator 30 passing through each lens element 50a comprising 
the optical integrator 50 is converged so as to form a light 
source image on the exit side of the corresponding lens element 
50a. Consequently, at an exit-surface position A. sub. 2 of the 
optical integrator 50, a plurality of light source images 
arranged in a square are formed, whereby tertiary light sources 
are substantially formed here. 

Here, assuming that the number of the lens elements 30a 
comprising the optical integrator 30 is N and that the number 
of the lens elements 50a comprising the optical integrator 50 
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is M, N x M pieces of light source images arranged in a square 
are formed by the optical integrator 50. Namely, since the 
plurality of light source images formed by the optical 
integrator 30 are formed at the light-source image position of 
each lens element 50a comprising the optical integrator 50 by 
means of the relay optical system 40, N x M pieces of light 
source images in total are formed at the exit-surface position 
A2 of the optical integrator 50. 

Here, the second relay optical system 40 makes an inlet-surface 
position Bi of the optical integrator 30 and an inlet-surface 
position. B 2 of the optical integrator 50 conjugate with each 
other, while making the exit-surface position Ai of the optical 
integrator 30 and the exit-surface position A 2 of the optical 
integrator 50 conjugate with each other. 

At or near the position A 2 where the tertiary light sources are 
formed, an aperture stop AS having an opening with a 
predetermined form is disposed. The luminous fluxes from the 
tertiary light sources, which are shaped into a circular form 
by this aperture stop AS, are converged by a condenser optical 
system 60 acting as a convergent optical system so as to 
uniformly illuminate a mask M, which is an object to be 
illuminated, in a slit-like form (rectangular form having a 
long side and a short side) from thereabove. 

The mask M is held by a mask stage MS, whereas a wafer w is 
held by a wafer stage WS. The mask M held by the mask stage MS 
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and the wafer W mounted on the wafer stage WS are disposed so 
as to be conjugate with each other with respect to a projection 
optical system PL, whereby a pattern such as a circuit pattern 
portion of the mask M illuminated like a slit is projected onto 
the wafer w by the projection optical system PL. 

In an actual exposure operation according to the foregoing 
configuration, the mask stage MS and the wafer W are moved in 
respective directions opposite to .each other as indicated by 
arrows in FIG. IB, whereby the circuit pattern on the mask M is 
transferred onto the wafer W. 

In the following, the lens configuration in the illumination 
optical system in accordance with this embodiment will be 
explained in detail . 

In the embodiment shown in FIGS. 1A and IB, the position at 
which the energy density becomes considerably high when the 
luminous flux from the light source 10 such as an excimer laser 
is projected within the first relay optical system 21. It is 
due to the fact that, as the energy density is inversely 
proportional to the cross-sectional area of the luminous flux, 
the energy density becomes higher at a lens element on which 
light having a smaller luminous flux diameter is incident. 
Accordingly, since the convergence point (light source image) I 
for the whole luminous flux from the light source 10 is formed 
in the optical path between the front group (composed of the 
lenses 21A and 21B) and the rear group (composed of the lenses 
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21C and 21D) in the first relay optical system 21, the energy 
density becomes considerably high at the positive lens 2 IB in 
the front group and the positive lens 21C in the rear group 
where the cross-sectional area of the luminous flux is smaller. 

In an example for explaining this embodiment in terms of 
specific values, the light source 10 supplies output light 
having an optical cross-sectional area of 1.25 cm 2 and an 
optical energy per pulse E s of 10 mJ, the beam shaping optical 
system 20 has an enlarging magnification of 1.6, and each of 
the front group (composed of the lenses 21A and 21B) and rear 
group (composed of the lenses 21C and 21D) in the first relay 
optical system 21 has a focal length of 100 mm such that the 
first relay optical system 21 is formed by a same-magnification 
system. Also, the positive lens 21B is disposed at a position 
which is displaced on the light source side by 43.6 mm from the 
position of the light source image I formed by the front group, 
whereas the positive lens 21C is disposed at a position which 
is displaced on the mask side by 43.6 mm from the position of 
the light source image I formed by the front group. In this 
case, the cross-sectional area of the luminous flux transmitted 
through the beam shaping optical system 20 is 2.0 cm 2 , the 
luminous flux passing through the positive lens 21B has a 
cross-sectional area A B i of 0.38 cm 2 , and the luminous flux 
passing through the positive lens 21C has a cross-sectional 
area A B 2 of 0.38 cm 2 . Here, since there is no substantial loss 
in optical quantity of the light from the light source 10 
passing through the beam shaping optical system 20 and first 
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relay optical system 21 , the optical energy E s is 10 mJ when the 
light is incident on any of the positive lenses 21B and 21C. 
Accordingly , from the above-mentioned example of values , it can 
be understood that both the positive lens 2 IB in the front 
group and the positive lens 21C in the rear group in the first 
relay optical system 21 satisfy the above-mentioned condition 
(1) . Thus, as the positive lenses 21B and 21C which yield the 
cross-sectional area of the luminous flux satisfying the above- 
mentioned condition (1) are comprised of fluorite, this 
embodiment realizes a configuration which is excellent in 
durability. 

While the positive lens 2 IB in the front group and the positive 
lens 21C in the rear group in the first relay optical system 21 
are comprised of fluorite in this embodiment, the first relay 
optical system 21 may be comprised of a larger number of lenses 
in order to attain more sufficient correction of aberration. In 
this case, due to spatial restriction, a plurality of lenses 
must be disposed near the convergence point I at which the 
energy density becomes high. Accordingly, all the lenses 
positioned near this convergence point I are comprised of 
fluorite. 

Thus, in FIG. 1A where the energy density is considerably high, 
while the positive lens 21B in the front group and the positive 
lens 21C in the rear group in the first relay optical system 21 
are comprised of fluorite, it is needless to mention that all 
the optical members such as lens at positions satisfying the 
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above-mentioned condition (1) are preferably comprised of 
fluorite. 

Also, not only the first relay optical system 21 but also other 
high-energy portions such as optical integrators 30 and 50 
preferably use fluorite. Further, in the case where an excimer 
laser which oscillates light with a higher output is used as 
the light source 10, the durability of the apparatus can' be 
increased when the whole illumination system is comprised of 
fluorite. 

Though the foregoing embodiment shows an example in which a 
part of lenses constituting the first relay optical system 21 
is comprised of fluorite, lenses constituting the optical 
integrator 4 and condenser optical system 60 of the 
illumination optical system shown in FIG. 3A equipped with 
neither the beam shaping optical system 20 nor the first relay 
optical system 21 may be comprised of fluorite. Also in this 
case, the above-mentioned condition (1) is preferably 
satisfied. In this case, since the respective luminous fluxes 
incident on the optical integrator 4 and the condenser optical 
system 60 may lose their optical quantity due to eclipse or the 
like, the optical energy E s in the above-mentioned condition (1) 
should represent the respective optical energies incident on 
the optical integrator 4 and the condenser optical system 60 . 

While the foregoing embodiment shows an example of a step scan 
type exposure apparatus, the durability of the illumination 
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system in a collective exposure type exposure apparatus can 
also be improved when fluorite is used at a portion where the 
energy density is high. 

Also, though the above-mentioned embodiment uses an excimer 
laser as the light source 10, a light source in which a higher 
harmonic wave is used in conjunction with a solid-state laser 
to yield a wavelength of 250 nm or shorter, for example, may 
also be employed as the light source . 

As explained in the foregoing, the present invention can 
realize an exposure apparatus which is excellent in durability 
and capable of preventing optical members in its illumination 
optical system from deteriorating even when irradiating a mask 
with high-output exposure light for a long period, so that a 
stable exposure operation can be realized over a long period. 
Also, even when a light source having a higher output is used, 
it is possible to realize an exposure operation which can 
maintain a high throughput while preventing the optical members 
in the illumination optical system of the exposure apparatus 
from deteriorating. 

(57) CLAIMS 

1. An exposure apparatus comprising: 

a light source for supplying light having a predetermined 
wavelength; and 
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an illumination optical system disposed in a light path formed 
by said light source for guiding light from said light source 
onto a mask formed with a predetermined pattern to expose said 
pattern of the mask onto a photosensitive substrate , said 
illumination optical system including a plurality of light- 
transmitting optical members which transmit therethrough the 
light from said light source , at least one of the plurality of 
light-transmitting optical members being comprised of fluorite, 
said at least one light-transmitting optical member being 
located at a position where energy density is high to impart 
durability. 

2. An exposure apparatus comprising: 

a light source for supplying light having a predetermined 
wavelength; and 

an illumination optical system disposed in a light path formed 
by said light source for guiding light from said light source 
onto a mask formed with a predetermined pattern to expose said 
pattern of the mask onto a photosensitive substrate , said 
illumination optical system including a plurality of light- 
transmitting optical members which transmit therethrough the 
light from said light source, at least one of the plurality of 
light-transmitting optical members being comprised of fluorite , 
said at least one light-transmitting optical member being 
located at a position where energy density is high to impart 
durability and near a convergence point of the illumination 
optical system. 
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3. An exposure apparatus comprising: 

a light source for supplying light having a predetermined 
wavelength; and 

an illumination optical system disposed in a light path formed 
by said light source for guiding light from said light source 
onto a mask formed with a predetermined pattern to expose said 
pattern of the mask onto a photosensitive substrate , said 
illumination optical system including a plurality of light- 
transmitting optical members which transmit therethrough the 
light from said light source, at least one of the plurality of 
light-transmitting optical members being comprised of fluorite, 
said at least one light-transmitting optical member being 
located where energy density is high to impart durability and 
cross-sectional area of the luminous flux is small. 

4. An exposure apparatus comprising: 

a light source for supplying light having a predetermined 
wavelength; and 

an illumination optical system disposed in a light path formed 
by said light source for guiding light from said light source 
onto a mask formed with a predetermined pattern to expose said 
pattern of the mask onto a photosensitive substrate, said 
illumination optical system including a plurality of light- 
transmitting optical members which transmit therethrough the 
light from said light source, at least one of the plurality of 
light- transmitting optical members being comprised of fluorite, 
said at least one light-transmitting optical member being 
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located where energy density is high to impart durability and 
the luminous flux becomes small. 

5. The exposure apparatus according to claim 1, the location 
where the energy density is high is predetermined. 

6. An exposure apparatus comprising: 

a light source for supplying light having a predetermined 
wavelength;' and 

an illumination optical system disposed in a light path formed 
by said light source for guiding light from said light source 
onto a mask formed with a predetermined pattern to expose said 
pattern of the mask onto a photosensitive substrate , said 
illumination optical system including a plurality of light- 
transmitting optical members which transmit therethrough the 
light from said light source, at least one of the plurality of 
light-transmitting optical members being comprised of fluorite, 
said at least one light-transmitting optical member being 
located where energy density is high to impart durability and 
the energy density is higher than a predetermined energy 
density. 

7 . The exposure apparatus according to claim 1 , the 
illumination optical system includes an optical integrator, an 
optical system for guiding the light from the optical 
integrator to the mask, and a guiding optical system for 
guiding the light from the light source to the optical 
integrator. 
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8. The exposure apparatus according to claim 1, wherein said 
light source is a pulsed light source and said at least one 
light-transmitting optical member comprised of fluorite is 
disposed at a position where the relationship is satisfied, A B < 
E s / [25 (mJ/cm 2 ) ] , wherein E s (mJ) is the optical energy per 
pulse incident on said light-transmitting optical member 
comprised of fluorite , and A B (cm 2 ) is the cross-sectional area 
of a luminous flux transmitted through said light-transmitting 

" optical member comprised of fluorite . 

9. The exposure apparatus according to one of claims 1 to 8, 
further comprising a projection optical system for projecting 
the pattern of said mask onto photosensitive substrate, 

a mask stage for holding a mask, and moving the mask with 
respect to the projection optical system on exposure, and 
a substrate stage for holding a substrate and moving the 
substrate with respect to the projection optical system on 
exposure . 

10. The exposure apparatus according to claim 7, further 
comprising a projection optical system for projecting the 
pattern of said mask onto photosensitive substrate, 

a mask stage for holding a mask, and moving the mask with 
respect to the projection optical system along a scanning 
direction, and 
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a substrate stage for holding a substrate and moving the 
substrate with respect to the projection optical system along 
the scanning direction, 

wherein the optical integrator is a rectangular form having a 
long side and a short side, the direction of the short side of 
the optical integrator being correspondent to the scanning 
direction. 

11. An exposure apparatus comprising: 

a light source for supplying light having a predetermined 
wavelength, an illumination optical system for guiding light 
from said light source onto a mask formed with a predetermined 
pattern, a projection optical system for projecting the pattern 
of said mask onto photosensitive substrate, a mask stage for 
holding a mask, and moving the mask with respect to the 
projection optical system on exposure along a scanning 
direction, and a substrate stage for holding a substrate and 
moving the substrate with respect to the projection optical 
system on exposure along the scanning direction, 

wherein at least one of the plurality of light-transmitting 
optical members is comprised of fluorite; 

the illumination optical system includes an optical integrator, 
an optical system for guiding the light from the optical 
integrator to the mask, and a guiding optical system for 
guiding the iight from the light source to the optical 
integrator; 

the optical integrator is a rectangular form having a long side 
and a short side, the direction of the short side of the 
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optical integrator being correspondent to the scanning 
direction; 

the illumination optical system includes a plurality of light- 
transmitting optical members which transmit therethrough the 
light from said light source; and 

said at least one light-transmitting optical member is located 
where energy density is high to impart durability and the 
energy density is higher than a predetermined energy density. 

12. A method of manufacturing a semiconductor device, using the 
exposure apparatus according to one of claims 1 to 8, 10 and 11, 
comprising the steps of: 

illuminating the mask using the illumination optical apparatus, 
and 

exposing a pattern on the mask onto photosensitive substrate. 

13. A method of exposing using the exposure apparatus according 
to one of claims 1 to 8, 10 and 11, comprising the steps of: 
illuminating the mask using the illumination optical apparatus, 
and 

exposing a pattern on the mask onto photosensitive substrate. 

14. An exposure apparatus for exposing a patter on a mask onto 
photosensitive substrate, comprising: 

a light source for supplying light having a predetermined 
wavelength; and 

an illumination optical system for guiding light from said 
light source onto a mask 
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wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member being located near a convergence point of the 
illumination optical system. 

15. The exposure apparatus according to claim 14 , wherein said 
light source is a pulsed light source and said at least one 
light-transmitting optical member comprised of fluorite is 
disposed at a position where the relationship is satisfied, A B < 
E s / [25 (mJ/cm 2 ) ] , wherein E s (mJ) is the optical energy per 
pulse incident on said light-transmitting optical member 
comprised of fluorite, and A B (cm 2 ) is the cross-sectional area 
of a luminous flux transmitted through said light-transmitting 
optical member comprised of fluorite. 

16. The exposure apparatus according to claim 14 or 15, further 
comprising a projection optical system disposed between the 
mask and the photosensitive substrate in order to project the 
patter on the mask onto the photosensitive substrate. 

17. A method of manufacturing a semiconductor device, using the 
exposure apparatus according to claim 14 or 15, comprising the 
steps of: 

illuminating the mask using the illumination optical apparatus, 
and 
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exposing a pattern on the mask onto photosensitive substrate. 

18 . A method of exposing using the exposure apparatus according 
to one of claim 14 or 15, comprising the steps of: 
illuminating the mask using the illumination optical apparatus, 
and 

exposing a pattern on the mask onto photosensitive substrate. 

19. An exposure apparatus for exposing a pattern on a mask onto 
photosensitive substrate, comprising: 

a light source for supplying light having a predetermined 
wavelength; and 

an illumination optical system for guiding light from said 
light source onto a mask 

wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member comprised of fluorite being disposed at a 
position where the relationship is satisfied, A B < E s / 
[25 (mJ/cm 2 ) ] , wherein E s (mJ) is the optical energy per pulse 
incident on said light-transmitting optical member comprised of 
fluorite, and A B (cm 2 ) is the cross-sectional area of a luminous 
flux transmitted through said light-transmitting optical member 
comprised of fluorite. 
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20. A method of manufacturing a semiconductor device, using the 
exposure apparatus according to claim 19, comprising the steps 
of: 

illuminating the mask using the illumination optical apparatus, 
and 

exposing a pattern on the mask onto photosensitive substrate. 

21. A method of exposing using the exposure apparatus according 
to claim 19, comprising the steps of: 

illuminating the mask using the illumination optical apparatus, 
and 

exposing a pattern on the mask onto photosensitive substrate. 

22 . An exposure apparatus for exposing a patter on a mask onto 
photosensitive substrate, comprising: 

a light source for supplying light having a predetermined 
wavelength; and 

an illumination optical system for guiding light from said 
light source onto a mask 

wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member being located at a position of which energy 
density is higher than a predetermined energy density. 
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23. The exposure apparatus according to claim 22, the light 
source supplies a light of wavelength of 250nm or shorter. 

24. The exposure apparatus according to claim 22, the light- 
transmitting optical member comprised of fluorite, comprises an 
optical integrator. 

25. A method of manufacturing a semiconductor device, using the 
exposure apparatus according to one of claims 22 to 24 , 
comprising the steps of: 

illuminating the mask using the illumination optical apparatus, 
and 

exposing a pattern on the mask onto photosensitive substrate. 

26. A method of exposing using the exposure apparatus according 
to one of claims 22 to 24 , comprising the steps of: 
illuminating the mask using the illumination optical apparatus, 
and 

exposing a pattern on the mask onto photosensitive substrate . 

27 . A method of manufacturing an exposure apparatus for 
exposing a pattern on a mask onto photosensitive substrate, 
comprising the steps of: 

providing a light source for supplying light having a 
predetermined wavelength; and 

providing an illumination optical system for guiding light from 
said light source onto a mask to expose a pattern of the mask 
on which a predetermined circuit pattern is formed, 
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wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised "of fluorite, said at least one light- transmitting 
optical member being located at a position where energy density 
is high to impart durability. 

28. A method of manufacturing an exposure apparatus for 
exposing a pattern on a mask onto photosensitive substrate, 
comprising the steps of: 

providing a light source for supplying light having a 
predetermined wavelength; and 

providing an illumination optical system for guiding light from 
said light source onto a mask to expose a pattern of the mask 
on which a predetermined circuit pattern is formed, 
wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member being located at a position where energy density 
is higher than a predetermined energy density. 

29. A method of manufacturing an exposure apparatus for 
exposing a pattern on a mask onto photosensitive substrate, 
comprising the steps of: 
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providing a light source for supplying light having a 
predetermined wavelength; and 

providing an illumination optical system for guiding light from 
said light source onto a mask to expose a pattern of the mask 
on which a predetermined circuit pattern is formed, 
wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light- transmitting 
optical member being located at a position where energy density 
is high to impart durability and near a convergence point of 
the illumination optical system. 

30. A method of manufacturing an exposure apparatus for 
exposing a pattern on a mask onto photosensitive substrate, 
comprising the steps of: 

providing a light source for supplying light having a 
, predetermined wavelength; and 
providing an illumination optical system for guiding light from 
said light source onto a mask to expose a pattern of the mask 
on which a predetermined circuit pattern is formed, 
wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member being located at a position where energy density 
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is high to impart durability and is higher than a predetermined 
energy density. 

31. A method of manufacturing an exposure apparatus for 
exposing a pattern on a mask onto photosensitive substrate, 
comprising the steps of: 

providing a light source for supplying light having a 
predetermined wavelength; and 

providing an illumination optical system for guiding light from 
said light source onto a mask to expose a pattern of the mask 
on which a predetermined circuit pattern is formed, 
wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member being located at a position where energy density 
is high to impart durability and a cross-sectional area of a 
luminous flux is small . 

32. The exposure apparatus according to one of claims 27 to 31, 
the light source supplies a light of wavelength of 250nm or 
shorter . 

33. An illumination optical apparatus comprising a light source 
for supplying light having a predetermined wavelength; and an 
illumination optical system for guiding light from said light 
source onto an object to be illuminated, 
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wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member being located at a position where energy density 
is high to impart durability . 

34 . An illumination optical apparatus comprising a light' source 
for supplying light having a predetermined wavelength; and an 
illumination optical system for guiding light from said light 
source onto an object to be illuminated, 

wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light- transmitting 
optical member being • located at a position where energy density 
is higher than a predetermined energy density. 

35. An illumination optical apparatus comprising a light source 
for supplying light having a predetermined wavelength; and an 
illumination optical system for guiding light from said light 
source onto an object to be illuminated, 

wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
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comprised of fluorite, said at least one light-transmitting 
optical member being located at a position where energy density 
is high to impart durability and near a convergence point of 
the illumination optical system. 

36. An illumination optical apparatus comprising a light source 
for supplying light having a predetermined . wavelength; and an 
illumination optical system for guiding light from said light 
source onto an object to be illuminated, 

wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite , said at least one light-transmitting 
optical member being located at a position where energy density 
is high to impart durability and a cross-sectional area of a 
luminous flux is small. 

37 . An illumination optical apparatus comprising a. light source 
for supplying light having a predetermined wavelength; and an 
illumination optical system for guiding light from said light 
source onto an object to be illuminated, 

wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 



optical member being located at a position where energy density 
is high to impart durability and a luminous flux becomes small. 

38. The exposure apparatus according to claim 33 or 34 , the 
location where the energy density is high is predetermined. 

39. An illumination optical apparatus comprising a light source 
for supplying light having a predetermined wavelength; and an 
illumination optical system for guiding light from said light 
source onto an object to be illuminated, 

wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member being located at a position where energy density 
is high to impart durability and is higher than a predetermined 
energy density. 

40. The exposure apparatus according to one of claims 33 to 39, 
the light source supplies a light of wavelength of 250nm or 
shorter. 

41. A method of manufacturing an illumination optical apparatus 
for illuminating an object to be illuminated, comprising the 
steps of: 

providing a light source for supplying light having a 
predetermined wavelength; and 
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providing an illumination optical system for guiding light from 
said light source onto a mask to expose a pattern of the mask 
on which a predetermined circuit pattern is formed, 
wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member being located at a position where energy density 
is high to impart durability. 

42. A method of manufacturing an illumination optical apparatus 
for illuminating an object to be illuminated, comprising the 
steps of: 

providing a light source for supplying light having a 
predetermined wavelength; and 

providing an illumination optical system for guiding light from 
said light source onto a mask to expose a pattern of the mask 
on which a predetermined circuit pattern is formed, 
wherein said illumination optical system includes a plurality 
of light-transmitting optical members which transmit 
therethrough the light from said light source, at least one of 
the plurality of light-transmitting optical members being 
comprised of fluorite, said at least one light-transmitting 
optical member being located at a position where energy density 
is higher than a predetermined energy density. 
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43. A method of manufacturing an illumination optical system 
for illuminating light having a predetermined wavelength to an 
object to be illuminated comprising: 

calculating an energy density of luminous flux corresponding to 
a predetermined light-transmitting optical member within a 
plurality of light-transmitting optical member constituting 
said illumination optical system; and 

determining a material for said predetermined light- 
transmitting optical member in accordance with said energy 
density. 

44. The method according to claim 43 , wherein the predetermined 
optical member comprises fluorite. 

45. The method according to claim 43 or 44, wherein said object 
to be illuminated comprises a mask having a pattern for 
exposure onto a photosensitive substrate. 

46. A method of manufacturing an exposure apparatus for 
exposing a pattern of a mask onto a photosensitive substrate, 
comprising the steps of: 

providing an illumination optical system for illuminating the 
mask; and 

providing a projection optical system for projecting an image 
of the pattern of the mask onto the photosensitive substrate, 
wherein the providing the illumination optical system, 
comprising the steps of: 
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calculating an energy density of luminous flux corresponding to 
a predetermined light-transmitting optical member within a 
plurality of light-transmitting optical member constituting 
said illumination optical system; and 

determining a material for said predetermined light- 
transmitting optical member in accordance with said energy 
density. 

47. The. method according to claim 46, wherein the predetermined 
optical member comprises fluorite. 

48. A method of manufacturing a semiconductor device, using the 
exposing apparatus manufactured by the method according to 
claim 46 or 47, comprising the steps of: 

illuminating the mask, and 

exposing a pattern on the mask onto a photosensitive substrate. 

49. A method of exposing using the exposure apparatus 
manufactured by the method according to claim 4 6 or 47, 
comprising the steps of: 

illuminating the mask using the illumination optical system, 
and 

exposing a pattern on the mask onto a photosensitive substrate. 



39 



-f^-sg} 10-0474578 





(19)^^3:^1^-^-^ ^ (KR) 
(12) ^«^J±(B1) 




(51) . Int. CI/ 
G03F 7/20 


(4o; o -H.^^r 
(11) ^^2. 
(24) ^«J*> 


10-0474578 
2005^02-123^ 


(21) 

(22) 


10-1996-0014546 (65) J g-7fl^s 
1996>d04«30'a (43) ^7fl <a*> 


10-1997-0002481 
1997^01^2411 


(30) -T-a^^^a- 


95-157812 1995^06-^2313 SJ-^-(JP) 




(73) 


H^- £32£ ^Ua-cHF p>^-i^-f*l 3i1 2^3- 351 




(72) ik^*} 


^lul-^l ^vfwj-AlAl 622-1-309 




(74) tflE^oi 













A2f 
£. la 

SI'S 2} ^Tg 

XI 2a S-cr X) 1 J£^| ^| 1 ^ ^^71(30)^ ^ 3-<$-§r SE.AlSfe H^oIjt, ^ 2 b ^ 1 £^ XI 2 ^ ^ 

^•7l(50)sl ^ a-^SAl^S^, 



- r - 



-§-s.^-S1 10-0474578 



10 : 444 444 20 : 4 =§*S *44 
21 : 4 1 1HH *44 30, 50 : *4 4^-4 
40 : >fl 2 mell^l *4"4 60 : 5-44 *44 
AS : 7fl^ 24 7fl PL : *44 
-£44 ^Ml^- -Ii4 
^4 4-4 

tt^Ol #4^ 4# g ZL $44 *44* 

•& rt^s] oj-^a. sfl^-i- 4^4 714*4 #4-4-^ 4-44 ^ 4-2-3., >*ve4 424 4*34- 4 
4444 #4* 4*«- ic* *44 *$ 444. 

f^44 2144^, 4*14 4 3 2E4 £44^ 44 4* •&J&4 42-g- it**44 <£44 44 4 3a £4 S44p 4 
4*4 i>a(arc)i 44 *«(l)^ii.*44 *^* 4*^(2)4 44 3*f #44 f (cOllimater) 42p)4 

3 Ms 'opf^fe ^WolOly eye) ^S(4)* W*rfc 34 44, 4* 4-#«r4 4*r4 ** *(«)4 

4 ** *(«) 444& iWlW *^ Tin 1 244(5)4 4€44 Si*. 4 f^.f f *^ 

^. =||Uf ^s<6)4 444 3*4-*, 42A>*4.S.44 p>^3. M* fl^AS S<S4-4 24^:4. 



4*4 2*3 *4- **l 

H7>££€ 444 w* 



iH 44 4^3 M*4 4 1 !!*, 4^(71, 72)3. olJf-o^l^ Jf-c$ #4"4(7)4 444, 44^ 
n, - ,- &4 *4«4.4 4*14 Wfe 24*4^3. 444 ^^flol^l WS*4 *444 4 3 

£4 V* *444*r, 444*444 1 ^H(shOt) 444 ^o-| «A£ «?§ 4 M,lc** 44. £*>4 

o. JL 4|o]b| i444» 24* 4-§-44fe ±5) ^ 4 44H(step and repeat) *44 ±4°} ^4*4- 

e4 4^4 5S44^, °>^5L M4 444 ** ^* £fe €3fc(Bl3a) *§*4 *^r* 24-4-jl, -f-4 #444 444 

¥4(&fi).2.3. 44« M* 444 W» »S-^^-S. ^ 44, ^^(thrOughput)* 7l^S. 

v}±3. M4 fls. 4 €4 4 £> 14^--£-S.4 3l>W2*r ^ w o v ^ 0 l 4^42- 

3Wr V44ji sa4-. 4^3 4^* ^ *^4* 4^^1 44^^.7} £i€ 444*4 ^Hfe ^4 

^4 *!44Al#it*i *«4 4** ^r4*4*°-S.4 *444 4*^* ^*4« Sl4. 

zl44. iL4 ^4*4 ^*** #3*Hr *€, 4^4 44^3* f^Vfe 44^44 ***_4*« 
^-4 4*01 44^4^1 S ifiW. 44 -id* ¥444^ *4 *4 4a(° 4-. *4 4^s ^*)s^, 7>4 ^44 * 
J^SPfHfe*^ 4s4^*4 7ri°l *4>42. 4*^.4^ *47> «a^4AS. 4*4^ si 4. 

nBiu. 44^-4 ^ »m %Q f-4 44 444 ** ^344^ *«^r 3.^44^, ^-4 *«^.s.^-44 *^* 4 
ia^S *i?^ it* 1-44 H*444 sT44^, *^ 4^4 44 4^ 7fli((li)^«s, ^Jijjl 4 
44 4^4 ^4-4, 2T4 *44» ^4^44 *44 47>4^ ^^-(damage)* ^4 214.- *?J4 4*4 4 

#4 f 4 444 444^4 *44, 44 *44 4>V4^ -5L4 44, 44 *44 4^ ^S44 *47> 5a 
4. 



i^* *44 5144^- 444 *4 4^4 144-* 44 4^» **44^ % f ±f ** **4fm 44 a^- 
4jl 5JA4, 444^4 4^*444 ^£1- *44 444 *€4 44* ^ *44 44 *Jtj4 f § 444. 
I4 *44^444 *^ 4^4 44 4fe 4^4 ^44^ 44 *44 4tt 444 44 ^44, 4 44 *4 

4 4^44 *44 ^-47> a.4 44444. 

^-2fl4 I ^-4^r. 4^34 444 *444 «4 i^**4 £41 f ^444-s, 2-4 *44*4 *4 f 44 44* 
*4% ^ Si4 *7R>4 ^4 4^^ it^-* ^ slfe it4 *4* 4^Kr 4^ ^sls. sI4- 

4 #3 jz-^-fi. ^44 444, «-4^r, 4*4 ** ^^Rr *4 ^44, 4* *4 ^4^-^44 ** ±- 
i W«4iHto *£4^ 24 *44# 4-4 424 1-4*4 4^* 4*4 4**4 

ig^L tl^H ^k *4 24 *44fe *4 *4 ^4°-S^44 ** ^444^ 4-r4 ^44 *4 ^-4* 
i*44, *4 4-^4^4* *4¥4* 44^ 44^ ^4^-S ^44s^ « ^44. 

4*4 ^4 e444, *4 24 *44fe, *4 *€ ^4^-S-f-44 *4 ^ 7 l«l^, t h:^ ***,^" a * 1 "^^'S^ 
*k ^4,4*4*€#aW4 44 ^^4^ 4^4 *^^f-f44 f * 44 *4 4^af_ *Jf^- 

1 244? I *44% ?fe 4s ^-*44. 4*4 ^44 ^444, *4 24 *44J^, *4 * 

€ ^ii.«44 n *4 4444 44-4 *«* ^^4^ 4*^ ^4 ^4, 4* 4"*A11 ,1^ 
S^^TjJ^V** 44 ^*44 42:4 *4» fl^^ 2.44^ ^€4 *444, *4 *€^-S.-?-44 
** 4-4 4*4 44 ^4^^ *£4^ i*(W*) *44# *fe «fl£ -¥-*44. 



- 2 - 



10-0474578 



SE4, 4?1 44 *r4^r 4^ 4* 444tt 4-44 ?H 44-44ji, °1 4-f . 4M 44 ^4J3-S.-?-El 4^ 4 

°1 -*7l f^^S ^44^ WW 44^4 Kfl^l 1 4^4 * °W4« E s (mJ). 47l *i4-°5 ^44^r ^44 

W-¥"^# ¥44^ 4^4 444-§- A B (cm 2 )5. % m, (^44 l)A B <E s /[25(mJ/cm 2 )]^ HWffc ^4 

44444. 

44 4-71 44 ^frfr 31*144 ?M Ji4 44444. 

*4«IHfe, ^4°1 fe* <KI4*1 -a;£4| tflsflAis ifl^4°l ^.^4^ ^ #444 44°1I 444«4 °144 ^ 
o\] ^3<H1 tj)*fl4 47l?H ^444 2=4-1- -444c14:e, a4 44 ^X)4 <gsj.© 

^ Sfl4, 4-7l*H] 34 444 i^fr* ^44 Sife 3* 3*14. 

=-4 ^4 4*14 ^ 44tih 44 44 t4°h tmw *3444. 44 -»mh 24^1^ 4^°i 

4^ 45.^, ^4 44-^5.^-44 4^4 ^^wis..^ ^ si7 nfl^-ofl, 01 ^-a- °i44<*i 24 4-4741* -a 

7414^ 4?4H4, 2=44^ 4^r4 ofli^xi 45L* "1=1 74)44342. #4- <>1 4^, 44^24081*) 

4144 ^£7} ShS: 5Hlfe 44* 0 144°} 24 W^t 4314^ 3j°l :&4 44444. 

°144 44-2.5^4, ^ 4-44^, 4^ 4* 4-^4^ 4-4* <>i-§-44 4* 4#3i<>i4 ^ 4* 44* 44 =14, 2 
4 4431* ^44^ 4 4-4 ^xh *i 444 4°i 444 ^ 1 si<3- 4 °iih*i* E s (mj), 24 4431*4 n 4 

4 *X|* 4-44fe 4^r4 444* A B (cm 2 )^S 4 ^-f , (^44 l)A B <E s /[25(mJ/cm 2 )]^ 441* 4^4fe 4#4 
oH SlSj), ^ ^ ^"Tfl 7fl4i7> ^aj-jl, =L 7$±.*\)X\<>\ ^Su7} 

a. ^ =S-*1^ 2^ SI<H^^ ^fl^* S-Tll «>7l ^=f|^^, 1* jgoi n>^^^, -a- 

*U £^ ^^1^1^ ?>2&*| ic^ ^xflfe 5J014. »1 ia ife a> 

248nm(KrF). 192nm(ArF) £^ 157nm(F 2 ) -f-s) 5^-^-4- ^ 7^ s§^tt -fr^sj^l, ^ sg^ ^ 

^^S. S]^ Si 4. °1 ^•a(10)j2.s.«-g)^ ^^al ^ ^^^fe ^ 

^ Wfl(20)«>fl <a^>€cl-. ^^1(20)^ ^ la ^^=(^ lb £^ ^ «<J-^) AS. 

^ 271131 -Q*^ ^1^(20A, 20B)S. ^-a^<H #€#3 t^(20A)^, ^-(ft)^ $>JL. 

XI lb £^ u o^^ ^-aVa]?)^ t!-^, ^1 2^^^ ?l^(20B)fe, ^J(iE)^ ^-31, ^Hfi^M 

-S-f-^^(20A)S.-¥-El^ ^ ^-g- ^^s>^ f^AS ^S^. « W ^*M(20)» Tl^l ^(1)A 

S^-Bj^ ^^r. XI lb 5.31 a o V ^ ^ ^«>1 ^-tfl5]o1 ^ ^7§o] jj-- ^-« 0 > ^^-o.^. ^3}- 

£, >S ^47il(20)SAi^ ^ 4i ^-^>S ( 

^(anamOrphic prism) ^ °] e^IE ^^sr^. 

h j ^7i](2o)s.-?-Eisi Tii i rn.no) W3fl(2i)oii <a^>ti-4. ^^a^, 1 1^01 

(21)^ 2^21 J§(IE)^ €2:5. oj^xl^ Aj- nl-(21A, 21B)3j-, 2^ «2£ o] =o1^^ ^fil ^ 

1^2} zl#(21C, 2 ID)* ?>Ji SlJi, ^ 1 ^5)1^1 ^741(21)^ ilx ^1-(21A, 21B)^r t «1 3fa) u>ia M# 
si)*}*) 4^-4(4-4 4"(«»- I« ^^*r^-, X| 1 ^5flo] 4^(21)^} nl-(21C, 21D)^r 3. ^ 
3*(21A, 21B)^ ^4 fl*H 4-4^^ #)^ ^4 ^^17> ^^l«r£^- »J|^s]oi 5>}c|.. »| l 

(21)^- 44(10)^1 ^>#^3).^-&*rfe X] 1 444 4" ^4 ^ASAi^ 4^ ^^-7)(0ptical integrator) (30)^ 
* ^^s. 7]^* ^jl sjtr. °1 XI 1 ^^<^1 4«r3K2l)3 7l^<K| ^sflAi 44(10)^-5.-^-^^ 4^ ^^ 

4«f ^*7l(30)# 24*Hr 4^4 ^5-^ a.4«r°i, 44(10) JLiM'-El^ 4^1 Zf£ <H^°fl tfltb ®l-8-£l- 3 
7)] Sj-31 ^q-. s£, 44(10) si 4* ^11 1 444 ^4 ^4:^-5 -fi-£S>fe ^ ^aH^M^ ^4 4«h?i1^ 4 44 
4«h7il(20)4 XI 1 4eil°l 4^(2l)s.^4S1< :> 1 S14. 

XI l 43M 4^(2l)# 7l« 4^r&. 44 3"4 4^21 44 4(#)* ^44^ XI l 444 4(#) ^ 

4 t4i£^^l 4^ ^*7i(30)«H 44^4 ©I 4«r ^*7i(30)fe XI 2a £^1 44^^ 4-^1, t^si 444 44-^ ^ 
4-4* S!-Tr 4-^4 4(S) 4-^- 444 €^ i4(30a)7> 4^7fl(3^ x 9^= 27711) afl^sM ^4=1^ Sis, 4^ 44-71 
(30) 4X|s.4*r 44 ^44 ^ sl4. 444 4 W ^44 €^ ^4(30a)fe XI ia£4 ^14 4^=4 

XI lb S4 ^4 44-^5. 45. 4-^4- 4-#(#44)* 4^ Si4. 

°1 "l*-**,.*^ 44-71(30)* ?44^ 71)7114 i4(30a)» 4-44^- 4^ 4^^-, 44 444°i 4 «a i^l 
(30a)4 4l^H^ 44 4°1 ^444. 444, 4*r 44-71(30)4 #1^1 A^m, ^4(30a)4 ^ofl 44^ 

4-^711 (3 4 x 94= 277fl)4 44 4^1 44=U, <^7Hfe 444^s. 24 44°1 ^4€4. 

44 44r7l(30)°fl 4«fl4 444 4*r4 24 44^-5.^-44 4^, XI 2 «4M 44^1(40)ofl 4«1I4 444^1, a4 
^4 44 4* 444^ XI 2 444 4" 44 ^4.2-5.44 44 44:4(50)^ 4444- 
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o] 33 ^^-71(50)^, 3 2b £3 £33^ 3.3. £o), 33 333 3233* -*H^ 3 ^-s. ^3-3 g 2 ^3 
(50a)7> ^7fl(9^ x 3*8= 273)3 3*13<H t^^M 5^U, °1 ^2 :£3(50a)£r 3 :ii3(50a)3 3^ 
33 3*3(30)3 33 ^(**«1)^-Masttl)3. 3^- ^3sH Sl^h ^3^, 3^" 3*3(50) 3333^ 333 
333 33* #3. &3. ^3, 333 32 4i3(50a)^r 3 la £3 33 33=3 3 lb 5=3 3*3 33-°3 a} 3 ^-§-$ 

©1 "fl*^. 3*1" 3*7l(50)« t^J*Rs- 7fl7fls1 32 ^K50a)» *33fe 33 3*71(30)3*321 3^r£-. 33- 33 
33, 3 32 i3(30a)3 33 33 33^3. *** 3*3(30)3 ^>#^ 4J*1 A 2 3xr 33*§ 

3 < a€ 3*r3 33 33 333^, 333^ -£33 A3 33 333 33€3. 

333, 33- 3*3(50)3 3*11 333fe 333 I^AS afl'S^ 3^r3 33 33 ^ 33- 3*71(30)1- 

32 :£3(30a)3 N7l]3 3^,33 3*7l(50)» T^Sfe 32 ^3(50a)3 =^-1- M?flS. *}-. nfl, N x M7fl7> 333 
3. ft 3*3(30)°fl alsll 333£r 3=r3 33 33 3 2 U33 ^-«h7^1(40)°fl 3«R3 33" 3*7l(50)« ^3«Hr 
33^ 32 i3(50a)3 33 3 3*H 3333 n|€3|, 33 3*3(50)3 a>#^ 3*"| a 2 3* ^3 N x M33 33 

33 33 €3. 

2E. 3 2 ^ =fl <=>1 333(40fe 3** 21*71(30)21 333 3*1 333*3 (50)21 3a>3 2}*! B 2 « -§-3A3 33" 
*33, 3-3- 3^.3(30)3 3^3 33 Ai 3). 33 3*3(50)3 a}#3 3*1 a 2 » ^3-°3 zfcl $X^. 

3 33 333 333^r 33 A 2 3E£r ^3 fl^Hfe ^ 333 7H3*# tUt 1 3:21 7fl AS7> 3€33 ^J7 ( o] 

7fl^ SBl7fl AS°fl 21S(1 ^^AS. ^Aj^g 3*]- 3-41 6.3.^21 3-#^, ^-^lS-AiSl ^-^Ai ^7)1(60)^ 3 Sfl 

elJL, 4i3 iE)l«>lAl MS°fl -fr*l^ D V^3 M4 ^l 0 ! 3 ! WS°fl ^°lsl Wfe -f-^ 4*M PL«H tfl«fl7.i ^> 

^ Hfl*i5io| 5 n J1> ^avo.^. v}+=l M2i sis. bji^ *^-ol *r<$ ^nx) PL^fl 2lSflAi w*M *r<$ 

c»14>sl ^ofl 213b -a^S.21 ii^-^ 5Z<>lAi^, 4i3 ^Bllol^l MS2> ^|©ls| i^lol*l WS^, lb 3E.Al§V^- «V 

21- ^-.fr ai-a-a a-is. «>cfl fi^si-ol, BflEi^si sis. ^A>^Cl-. 

-S-^l ^ 6 >*m 711 1 lsHl°l W?H (21)^^13-. ^ ol+S-H, °HM^1 ^#21 ^3 ^^d) aval ^j^7l 

*°fl, ^ ^ *°1 •a^>*>^ €2 <ael^iS(element)2l oflui^l^sfe n}-;^, ^ i ^e))^ 

(21)fe, a}^ 3.»(21A, 2 IB) 4 ^3 ^l#(21C, 21 D) Aj-oj^ ^-s^<Hl ^-«(10)^S*El3 S.^ ^3 ^^•^(^€4 V ) 
I « ^^*>7l nfl^ofl, ^ ^3 gajo] 3l7fl S)^ ^ 1 ^^0] ^-^(21)^ 5a«H>H^ ^ ^»2l 33 «^(21B) 5i 
^3 33 «a(21C)^^3 °fl^^l ^£7>^*1 ^>^3. 

neflAl, ^^1^ ^*H1» l-ol -g- ^aHI* -§^*>^ ( ^(io)^r, #^3-3 3f ^^^1 1.25cm 2 S 1 % <fl 

33 E s 7> 10mJ3 U 3^ ^7fl(20)^- 1.6*113 H fl#* =41 1 ^^1°1 ^7fl(21)^l SI^a-13 

Ai^f- n»(21A. 21B)3 7^321- ^ 1 la)13 ^-^1(21)^ sa<H^2l ^3 zz.l-(21C, 21D)3 ^ 

100mm33, 4 1 l2fl°l ^3-7il(21)fe ^-«!|(#f£)7flS. ^3<H Si^. ^^1^, 3^ €2(21BKr, 4 1 ^st|3 ^Tfl 
(21)3 -ti^nf-mA, 21B)° : I| 3«fl ^^3^ -* I 21 3^1S.*El 43.6mm3 -SW1 «fl^lsl^, ^21 ^ 

(21C)^, A 1 ^"^1(21)3 ^.f-(21A, 21B)«H1 3^1 ^^S)^ f « I ^ 3*15.^3 n fi3^i 43.6mm 

3 3*h nfl*]33 sJ3. 3 ^^-ofl^, ig 3^ ^3-^(20)» -f-3^- ^21 2.0cm 2 3^1, ^21 ^2(2iB) 

» 1-33^ ^3 £^3 A B ^ 0.38cm 2 , 33 ^2.(210* *33^ 3-^3 ^3 A B2 fe 0.38cm 2 3 3- 33Ai, 3 3 
^ 3 3-3-7fl(20) 3 3 1 ^33 %«MI<21)* *33^ 3-€(i0)^-S*32l 3"3 33 Si3 nfl^3, ^§3 

(21B) ?J 32I ^(2iC)<>fl ^21 3- 333 e s ^ ^3) lOmJS 33. 3^1, 33-21 ^*i3s*3, ^1 1 3 

33(21)3 SI3321 3^f- n#3 33 ^(2 IB) 3 ^3 ^1-3 33 32(2lC)i 33 ^33 1* 3^3^ 3^ 3°1 
3333. 3^1, ^3333^. 3-7I ^33 1* 3^3^ 3^3 33333 3^ 321 3 2(2 IB) 3 321 32 
(21C)» ^3 is ^-33i Si3 ^§-3, xfl^p-33 ^3 ^s. 3<>1 Si 4. 

£. * 333^^1^, ^1 1 3^(21)3 Si 0 !^^ 3-^^1-3 32l32(2iB) 3 ^ D l ^f-21 32I 32(2101- 
3 ^^-S 3-3 3^1 33s>, ^-4 ^*K«tiS) ^-3* 333fe 33^, iL3 3^r3 323. 3 l ^efl°l 33^1(21) 
-i- 333^ 33 713-34. 3 3-43^, ^33 91 3 3^-S*3 3^3 3^ °fl33 3S7>^o>a1^ 333 1 ^33 
3^3 32# 3333 3333, 3 333 I €-33 333^ 32» 2.3- 3 3 as 3-3^ #3. 



333, * 
7fl3 3^fl A - 



1 S3 3^, 1^1 3i7> 333 ^-3., 3 l €^°l 33tJ1(21)3 S13321 3-f- ^1-3 321 32(21B) 3 
33 32(21C)3 3 ^ 33-5.3 3-33-3. S133, 33 ^333 23* 333^- 7fl^3 €2 ^3 33 3 
3.^ 33^3 333^ 33 333 « 3^ 3« §13. 
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£4, XI 1 m^^l 44t41(21) 44415I 4J4*l7> ^ ¥■&, 4|^tfl 443¥7l(30, 50) ¥£■ *§4-§: ^>-8-*m ?M 44 
4*Ksi, £4, 44(10)* 14 ^ #^3 d|44 5)lo]^# 4-8-*H=- 3¥41*=- ^Tfl 4XI-I- <sHA5L 

«H= 34| sH4 14 443 *41¥4* fe<a ¥ SZ4. 

5L4, £ «44 ^l^oj^^, ^ l ^efloi 44t41(21)« ¥^«Hr <a¥4 *a» I^IS. ¥44 4]¥ 44415344. 

€■ HM*. *J 34 *«M(20) ^ X|l 1^4 *flM(211» ¥4*1-*1 8fe XI 3 £4| 44^ 2:4 44414 44 4¥7] 
(4)4 S«4 **h?H(60)* ¥^*Hr *!4-2-S. 44444^ #4. 4 3¥4|51 #71 ¥*?"4 1* 34 4 

4 XI4 4-71 14 * 4)4*1 E 8 fe, 44 3¥4(4)4 e«4 44?4|(60)41 S^l-sKr 4-4" 4¥°fl 4 

(eclipse) ¥4| 44 £44 Stl-lr $47} &4 nfl-g-ofl, *^ 4¥4(4)4 €-€4 3-*J4](60)4| °J44^r 443 4 41 
44s. €4. 

¥ ^44 -ti44|4|4*r ^ ^?H*8 =9-471- 41-i- 44^5344. 'S* ^44 ±^4 444I4E 4144 "Ss^f 
¥¥4| ^4* 4-8-4^ ^^.s. s^7il4 ^¥4* ¥>4i44 ^ sife ** *-fl-£ &4. 

«;t1^i A H!S^ %*IQ02^4^44.^4^J# 4-g-SWd, 41^tfl mft ej|44X| jls4¥ 4-8-44 



250nm 444 44-5-3. 4 ?j-§- 44-2.3.4 4 -g-s^ei 4:e 

44-4- £4, ¥ 444, 4^4X1(4^3)4) tflsflA-i ^7iai ^ s-t^4 kf*fla*tt 4*8444-£, 
% #44 2*3 %#7fl^s| 44 44# **|* ¥ 5bU, 44441 44 434 44* ¥ Sl^ tfl¥44 ¥ 
¥4 ^4 44# iHm ¥ 5£4. a.4 i#^4 44¥ 4**^3. «fl£, ii4 4*14 2.4 444l¥£l 44 ¥XI 
4 <S4» 44444, ^¥ ^¥¥¥ 444 ¥ Si^ i-4¥ 444 ^ Si 4. 

(57) ^4 ^4 

1. 

i^sl 4^-4 4^ ^^-4^ 44 ^44, ^14 44 ^4^-S.^-4^ 4* i^4 ^4°1 ^44 4^4 
^ 44X1» fal^a, 44 4^3.4 ^4* 444 44441 v44^ ^4 4441 $i44, 

44 £^ 44741 44 44 ^4^s.^-44 4* 4=r4 ^44 44 ^^fl* ^44^, 

44 4^4 ^4^ 44 4X1^ 44^ 44^s. ^444, 

44 I^as. ^44^ ^44 44 4?lfe ^^441 4^4* 44^ 4)44 4£7> ^ 4^1°fl «H^14^ 53* 4^ 
2. 

rt^al 444 4* ^4fe 44 ^44, 44 44- ^4°1 ^44 »}iH^s. 4^4 

^ ^ 4474m 4«14^-, 44 4^34 =114^: 444 44441 ^44^ ^4 4441 sl44, 

44 2^ 4474m 44 44 ^4^^-44 4* ^44^ 4^4 ^44 44 ^Xl* it^a, 
44 444 ^44 44 -¥-7fl^ 44^ ^4 o_s. ^^4, 

44 44=1^ ¥44 44 Ml^441 4^*^* 44*r 4144 4S7> fe^ 4441 Bp]'f4 4*4, 4 

4 £^ 44741x4141 1i44^43 e44| «H4=14 Si^ ^* 4^3- 4fe ^4 44. 

^4^1 444 4* ^^-4^ 44 444, *H4 44 44^s.4^4 4* ^44 444 °}^a^o S 4^4 

^ 44 741 # 4«14^, 471 4^34 ^4* 444 714441 i^44fe ^4 44°)1 444, 

44 4474m 44 44 ^4A^44 4* ¥44 ?m 4^r4 ¥44 44 ¥^B» i44^, 
44 4^4 ¥4^ 44¥7fl^44£4-4^44*-S. ¥444. 

44 *m°s, 4-^4fe ¥4^ 44 ¥Xfe ^¥ A J41 4^4=^- 44 4144 4£7> fe^- 44°fl «11^14^ 4-i-*4 4 
^ 444 ^^4 4£- 44°fl H fl^l4fe 44 ¥4^-5. «m ^4 44. 
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4. 

i^sJ np^s] #« *fl# #€ ^ia-o.s.^^ ** °}^3^°S -R-5L*} 

-8-71 ^tMlfe #7i #-£ ^.2.3. ^3 3 #-§: ^r^M^lfe ^ -¥-^1* a^-^. 

qq°s. ^slfe W^fe. ^ A <H «*«S9* n l*l^ 4M*1 ^£7> ^ fl*M *ll*1^3r *r*3, # 
^o] ^ ^ AH Bfl *) sq ^its, *J-fe ic# #*1 . 

^1 l #°fl Si'H^-l, 

4>7] oflu)^ il £7} ^ ^Ife, n]e| ji^^ si)*]?! 3* ^-^^-S. *rfe v# #*1. 

±.^2i\ #-g- ^g-S>^ *fl# #31 ^ i^Sl 3fl^o] *gA^ oj-iH-a-O-S. -8-51*} 

^ 2^ ^-sj-Tfli- ^-b]*>ji, #71 o^^sl sfiii* 7l*#4l ^# #*H 5a<>H, 

#7l ^flfe #7l ^O-S.^Sl #-fir ^3fA]7l^ 3=3|# #^ ->MI* iW^. 

^7] 3<HJE. sl-q-^ ^3^, 

A>7l ^.g- ^AJE)^ Jf-3fAj ^ vfl^oD ^^-g- ^l^m ^£7> ^ *1*H «1|*l^=r o>^, 

si °11 u| ^1 nfl*!^ 5* f^'^s s}^ #*1. 

^^J" 7. 
^ 1 #°fl SM*i, 

#7} 2.^ ^3l*r, 2}-g-7l (optical integrator) Sr, *f|# #«r a^lS.-?^ <q 4>7l n>^ 3S . -^-S^ **^| 

3}-, AV 7l ^ ^o.^.a.Bl^ ^7} %^ ^*7lS. -fKES}-^ 5L# #*}"?l|-& if^fe 5!* *Rr lc# #*1. 

3^ 8. 

*H 1 1MI Sl^i, 

#71 ^ <f^<fr €^ #* *S*rfe #^-§- i^Ji, 

#7l #4 ^^.S-^-eI ^g-sl^r Si #°1 #7] ^A^^ S ^s}^ ^-3iHa^-«f Q*}^ ^^l # 

^1* E s (mJ), #71 %M<L S. ^-AJ^^ ^ JjL^-S S-J2f^ A B (cm 2 )2l-Jl ^ 

(^r^ 1) 

A B <E s /[25(mJ/cm 2 )] 

^ ^1» 5* ^^-2.3. *Kr ii# #^1. 

^ 1 # ifl^l ^ 8 ^ It #^ 91°]*], 
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#7l v}^3.Si) =fl^* 7]^ofl ^*K±^<3 WW, 

#7j p^H*- -fr^sH, ^#*H -8-71 Jp-°§ #?1 4i3f ^3 i3H*l£l-, 

#7l 71** +3q^nf, kfAH #7] If-* «*r*4 «fl*W #7} 7l«* 7l*i*M*| 

• ci ^ si «Hr 3}-§- ic# #*1 . 

^t 1 * 10. 

»1 7 #<fl sU°W. 

#71 ##-8 71*^ ^*Rr ^ 

#7l 4i3f tfAH #71 W*N tflSflAi #7} nfiHf, ^31 #^="§- ^ 4^3. 

#7l 7}&-£ -fM*M. 5tb Jn^H #71 ^f-<3 W3H tflSlH #71 71**, #7l ^=3 #*§=* nJ-Hl- °1 

^l?lfe7m^0^1#C^Bl^, 

#71 W #^3f #«!* ^ ## ig#<!] #^* SW-S. 

#71 W 3*W ^31 #^^1 #71 ^=8 #^ofl tfl-g-^ ?J* ^AJsL ^ ^ 

3^ 11. 

jflW #* ^sHr #^ ^*&4; 8fl# #■£ ^^:AS.^-Elal #* ^Sl Jfl^ol fgAj^ t.>^3#«.S. ^-S.^ 
^ WW, #71 "1-^331 ^H-ir #W 7l*o| ^f-<3*Kr WW, #71 -frW^, yf^ii 

#71 tfl«IM #71 °V^3# i^H W* ^ ol^Al?!^ nVi3 i E)l 0)^1^-, #71 7l** -frW 

^, SE^^AW #71 -?-<3 W3H1 tflSflAl #71 71** #71 W* 14S1- C-l^Al ? l^ 7lJ& ^Ei)o]^^ JjL 

«1*M, #71 n>^ 3 Sl id^g. 7l*#Afl i^Wfe #*H SA^H. 

#71 4^ ¥^ W WS- *r*+fc ^JLJL^W^, 

#71 W*fe, W ^$71 (optical integrator)^, ^ W a^l^El 51 #* #7l D }i3S. -fi-£^Kr W3l 
4, #71 W ^.2.3.^-1=1 S\ #* #71 #3J- 4-S-71 -fr-ES^ £# W*l* 

#71 W*!*^, #^J^ ^g-fr £±= W ^#S1 i#«r^, 

#7l ^^-7131 ^.^^ #7l ^^B « 0 V%Vofl ^-§-^-3., 

#71 2^ WTim #71 #€ ^^iM^ #* ^Al?!^ ^fil Jf-^A^ ^ a^oi, 
#71 4^ ^M-^ #«}■ -f-^fl^ ^ol£ s>q-fe o_£ ^-ajs)^ 

#71 O.S ^S]^ W ifl^ofl "1*1 oflui^l ^£7> ^ 41^H Ufl^l^^ o>*al, dt 

^si oflu-1^1 ^4^-^ ^-^-Sl ^# #^1. 

12. 

^T 1 * 1 ^fl^l 8, ^^3- 10 ^ 11 # <H^ ^. *J-ofl 7l7fl^ ^# #^l» e,]^ ^}S] 7$3l #<3ofl 

#71 W?fl# °l-§-*H #71 "}iat ^3)-, 

#71 °>>i3.Sl afl^i* 7l*<>11 t#K>^ ^-^ 

* ^-^ Sf|-fe «>£S|1 i^>sl *fls 
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3^9- 13. 

%=f-*} 1 ^t 1 * 8, ^t 1 * 10 ^n 1 ^ 11 * ^ «■ SMI it* ^ Sfl°H. 

#7l 2*3 **MI» °1 #7l »}iat 2^*Kr 2:^ ^3 4, 

#7l v\£i3.S>\ Ifl^* 7l«:<Hl lc#*l-£r ^ 

* 5.«"*Rr 55* Sfe ic^ 

14- 

4^ mm* 7m#°fl t^fe #*h sioh, 

3j-#si ^-i ?^-*h= #€ ^a-*h 
«fl# #-§- #71 -frs-si-te 2.^ #«i-3i» i^-sM, 

#7) 2.^ ^Tim #71 #-S ^^.S.-?-ElSl #-g- 3f:3W 7] ^ ^5l)# #t?J- Jf-jfl* SW^, 

#71 4^ ^ cls. ^Mds^, 

#71 #^ #71 2^ #«l-7flvJH ^^51-^ S*M «11^5l^ 9X^r ^S-S- 

#*1. 

^T 1 * 15. 
*l| 14 

#71 #€ #* I^SKr #^J* i#*>H, 

#7| ^^LSJf El #°1 #71 *§*| O.JL ^33^ *sMJ**h JjL^ofl °J#§ nfl °} 1^^# # 6^*1 

» E s (mJ), #71 ^-3H9 %n -"M* #^ ^fl*}* A B (cm 2 )E}Jl * 

C^«M 1) 

A B <E s /[25(mJ/cm 2 )] 

^ ^sffe #3 «m ^# #*1. 

16. 

*0 14 # JEtt 4 15 ^-ofl 5a<>W. 

#71 D>i3Sl 3j|^*#7l ##-^ 7l«-«fl +<$*t7] #71 n^H^ #7l 7l**>*W «fl*l^ #^31 

♦ el a#s>^ 3}* s-^^S. *Rr #*1. 
^T 1 * 17. 

14 3=Sr 154 t# #^1# S>S5fl ^7>S1 ^la^ofl o^O^, 

#7i #71 "liat 2^sRr 2^ 7 
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#7l d>^331 ij^-fc 7]&<% ii# 

^T 1 * 18. 

#7l 3^ °]-§-*}^ #7l P}i3t 2^3Hr 2*3 *3=h 

#7i 4^3^ sj|ia.i- 7]^.^ v^^-s>^ ^ ^ 

3^3" 19. 

aflsi-i- ?)W ^W=r i^- #*H 5^1, 
*H # ^ #-i- #7l ^a^ia -S-i^fe 2^ #*J-7fl# , 

#7l 2.<3 ^Tfl^ #7l «4 ^0.3.^3] ^ 4* *3<M*|te 4^ #^ Ml S«*fca. 

#7l 4^ ¥^ -"W *H£L ^83^. 

#71 ^#£r 4* i^Jl, 

#71 ^ ^^AS.-?-El ^Sl^ ^-ol 4>7l lijlS ^-^Slfe ^-^^ M°fl ^^1 1 * °1M 

*1» E s (mJ), #71 1^o £ ^S^fc #«}- *3*|-*K=- #^S1 ^aj-§- A B (cm 2 )2l-Jl S ^-f, 

M**M 1) 

A B <E s /[25(mJ/cm 2 )] 

31 *H**Rr ^1. 

3^-% 20. 

19M 7l^fl« #*1* ol*«- «V£Afl ^>S1 Tfla fl^AJ, 

#71 2<3 o]-§-s}o3 #71 T>>i=L# 2^*Rr 2^ 

#7l D>^a^l 2fl€* ^"#^ 7l^ i^#«Rr ^ 
* 5J* ^8-2.3. ^-£^1 rt*}^ aj|2 « 0 >^. 

19 *m 7i*m ^# #*i-i- °i-§-^ ^##ih sa^-M, 

#71 2^ #1M» °1-§-sV^ ^>7l 4iHf a^sj-^- 2-3 

#71 n}^ 3 Sl Bfl^-g, 71^ ^#SBSr ^# ^g-fr 3!* ^-=8.2.3. ^ #>g. 
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22. 

t>}^3.^ ^-6: ii#sRr Si^^, 

>a-7i 4^51 *ws. ^s]^, 

<#7] ^-3^ Mfc, oflui^l iM-*Hr fl*M 3* ^^-S sKr 

*| 22*J-°fl 

^71 ^^r, 250nm °1*}3] 4^ ^SHr 5J-ir ^-^^-S Sfe 
24. 

-8-71 SL3- ^^fe Jf-sj-^ ^ ^^"71* i^Hr ^-i- s^^S *Kr ii^" #*|. 

25. 

22 xfl*} ^Jn 1 * 24 ^ «• ^ 7]*||€ at* ^# o]-g-tt XI 2: ^"fl SM^l, 

-8-71 2^ ^7fl# °l-g-*H -a-7] 2^1-^ 2^ ^-^^f, 

■8-71 aflli^- 71^011 i^*}^ ^ 

-§: 3E.$-«Kr 3* ^-^^S. S^r «VE*11 :£*}<q *|2: 

26. 

22 ^t 1 * 24 ^ ^ *M 7]*m ±% ol-g-tt i^S^ Si 0 !*!, 

#7] 2^ °l-8-^H Pfi3t 2<3*H^ 2*3 

-#7l D>^3^ 3^^^- 7138-oH id^g" ^ 

* SL^^ 3"§- f^'AS sfe ^ « 0 >^. 
3^ 27. 
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Aj- 7 i ^ *m o.s. tmjsm. 

IS. s^xr ii^- ^1 °] ^ . 
3 t 1 * 28. 

^71 2^ ^71 ^°3.-»M<S] Jp.3j.Al 5^ Jp^ Jf-T-fll- 3.^3., 

-8-71 4t^1 ^-3)-^ W *g^ii3 ^8£M. 

<$7) ^s)^ JMRfe, 4^3^ Usl-I- iM-SKr fl*H «H^s)fe 3* sHir 

3^29. 

^71 2^ %nn$= -8-71 ^.2.3*3^ ^Al?l^ J*-^ #3 ^Ml* i^KH, 

^71 ^3 -"Ml* ^<H£ 3-q.°3. tMJSM, 

-S-71 ^.2.5. iM§3^ #3 **flfe, VHt 1 ^^ °?M*1 ^£7} ^ flAlofl tiB^l^a). o>*^|, ^ 

3^ 30. 
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#7l o.s. JM-S W JMfe. MHMW «t<8«* °HH4 ms.7Kfe^ $]*H «1)*]«4 «>*3, i 

4#3 ^ #€ ^«i*h=- ^4. 

#7] ^-^fe #7i ^-s ^Ta-OLS.-?-^^ jg-i- ^-4*1 ?i^ o^si #*]- i^g*. a^ja, 

#7l J^S] ^f-^ JMI* ^93^, 

#71 1-4jAi n^^lfc ¥4-3 W ^flfe, ^^°fl ^^-i- n l*lfe 4M*I °J£7} ^ $1*W ^^1^4 °>*al, 4 
HI 27 « 31 * * <H 2=. «■ %Vofl sA<H^, 

#7] 250nm °}*}$\ 4#^1 #-g- ^<?Rr 3* *^i>-3- S^r #*lsl 

33. 

4-#^ #-§; ^4, *fl# ^-fi ^^.S-^-Bl^ ^ f^^AS. -fKE*Hr 2*3 #^31 » 

#71 2*3 ^«M)*r, #71 #-?) ^^S-^-Elfil #-§• *4-M?l^ ^.3<M§ a«*KlL, 

#71 4^3] Jf-aMj ^ ^^A£^S^, 

sl-fe 2^ #«j- #4 
33^-34. 

^-#£1 #4 ^is}^ #€ 4^4. «fl# 4€ ^^-S-^S] 35\3i*$ f^l^AS. -fK£4^r 2^ 

i«"44 

#71 2^ #«h^^, #71 #€ ^.2.3.*^ #-§- ^MM^lfe ^-4^ #4 -¥-^4 
#7l 4^sl *JM9.*«|- -¥-4^ «V4^ ^=14 

#71 q)4 ^slfe ^-4^ 44 if-n^, cflui^l ^2f*}fe fl*H all^lsl-^ ^J* 2^ 

^^*J-35. 

#71 2*3 #71 ^^S-^-ElSl #-§- ^Al^lfe 4"r2l #«h *f-*m S.^\JL, 

#71 4^21 ^ol£ s>q^ tM§£M, 
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-53-71 ±3. ^£]^r ^ +7flfe. ifl^^l ej-«a*fr 4M*1 ^ fl*H «fl*]^^ oj^-el, # 

71 3^ **M|i1H »iN=Jfe 53* f^lS. *Kr 2^ =8*1. 

3^36. 

4>7i +4>a ^ «m*r +^3*1, 

-S-71 ^AS. ^5)^ ^ ^fe, vfl^-Ajofl q-<g^ n]*|fc. chi^^ ^ E7 > ^ «B^l^4 ^H-si, * 

^ tfifisl ^ft fl*M afl*13^ 3* ^-=8^ *fe 2*3 **J- #*|. 

3^*37. 

^•71 2^ tf*}-*^, ^"71 ^^S.+BlSl ^ ^A] ? l^ 4^0} ^4.4 ^ a^i, 

>g.7i 4^ -¥-*H3 W +1^ ^Hs o.s. ^sioi, 

-8-71 *g^.O JfaJ.^ ^ «-7l|fe, xfl^ofl ^^-g- nl*lfe o^x] ^£7> «fl^l^4 aM-21, ^9" 

^oi *H-*lfe uflAisq^ ?j-§- s^as sHr 2«3 %n 

3^38. 

*i| 33 5E£r *)1 34 *j-°B SfloW , 

Aj-7l o)lui^l ^£7> fe.fr 3*lfe. nlBl jus^ tifl^l°] 3}-§r ^ S^fe 2*3 W #*1. 
^^8" 39. 

i^3l 4^31 ^ ^^fe ^**h Sfl^- «^iL5.+El<i] SSJ^S. -fr5L*)-fe 2^ 

-8-71 2^ -871 ^€ ^^rAS.+E]Sl ^-fr J^M^lfe ^ a^al, 

-871 +*M3 Wia^^, 

-871 I^AS ^*)fe *«f +711 fe, iflnMH "1^1^ «5E7> ^ »fl^|^^ ^£1, ^ 

^ oflui^l ^JE# ^4*>fe ^^H «fl^l5l^ ^* ^-^^ 2^ %n ^1. 

7^1 33 « tfl^l Tfl 39 *8 * 'H^ « 

-871 ^r^-8r, 250nm 4^ ^^"*Vfe 3* ^-^^-S. ^ 2;^ ^ 

si 2^ af^af *^ ^i^i «j-^ofl 
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4>7l W M* *\ o] J£ s>q-fe tg ^ O.S. ^ £) . 

AV 7 1 ^-ij^S. ^ Mfc, ifl^-yoU D Ji7> ^ 3*W «fl*ls)fe 3J-§r = 3 

£.3. Sj-fe 2:^ W ^ *H 2: «^ . 

^T 1 ^ 42. 

3)2^ #*0» 2^SKr 2:^ ^ ^-]^ ig-^dfl °H*1, 

4^ #-g- ^-g-SVfe <f*tf* $«l*Hr 

#7} 3^ ^Tim, ^"71 ^J5_5ML&^ JfsfAl^lfe 4^ M* S«-*Ka. 

^•71 *H^<q W M^ ^^^.s. ^=H, 

AV 7 ] ^^E)^- ^ -»Mfe. oflujx] H£f iM-SHr 41*H «)|*]S]^r 3* ^^-S. «Kr 2^ 

^t 1 * 43. 

tAS 2^*Kr 2*3 *l]2sR=r « 0 >»H SH*], 

#7) 2^ ^«Hr JM**1 ^ ^flxflSl <ysl£q i^Sl W Mi «:tb oflu|*l ^SRr * 

44. 

i 43*J-°11 Sl°H. 

^^J-45. 

i 43 *j" SE^ >ll 44 SJ<^^, 

-8-7] 33^^rg ^-^1^, 7]^ ^S>7l ^ °}i3f ^-ir 2^ 

46. 

=}iasl Bfl^-S- #^H3 7l€i ^*>^ ^ ^1* ^12^ u o v ^°il SZ°1^i, 

-^-71 o}iEt 2.^*Rr 2^ 
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#7l v}+=L2] afl^ ## -8-7] #%*2 7}#ol\ W31* ^«l«Hir ?3 

#7l £^ ^7fl« §*)SHr 

^^121 »1^^. 
47. 

*)1 46*J-°fl Si<H-H, 
^*J-48. 

^^46 Sfe 3^8- 47<H] 7l7fl^ ^ slSflA^ 3t* #*|# c"l-g-*M tVJESfl afliSBr 5fl<H 

#7i 4iaf 2^ 

#71 P}i3Sl Iflm* 71 JS-oll i^-Bfe ^ 

49. 

46 SE^- ^ ^ 47*41 7l*€ ^ofl ^€ ^ #*1« °l-§-?.> 2t* Si 0 !*!, 

#71 2l*% ^Till- ol-g-*M #71 nfiaf 2:^ ^34. 

#71 v\±3.2\ sflia-i- ##>3 7l^-°D 2n#3|-te ^ 
* 3* Sr^SLS. i# 
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